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qm Designation: E 499 — 95 (Reapproved 2000)

Standard Test Methods for

An American National Standard

Leaks Using the Mass Specfrometer Leak Detector in the

Detector Probe Mode’+?

This standard is issued under the fixed designation E 499; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 These test methods cover procedures for testing and
locating the sources of gas leaking at the rate of 4.5 X 10 1*
mol/s (1 X 1078 Std cm 3/s)® or greater. The test may be
conducted on any device or component across which a pressure
differential of helium or other suitable tracer gas may be
created, and on which the effluent side of the leak to be tested
is accessible for probing with the mass spectrometer sampling
probe.

1.2 Two test methods are described:

1.2.1 Test Method A—Direct probing, and

1.2.2 Test Method B—Accumulation.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

E 1316 Terminology for Nondestructive Examinations*

2.2 Other Documents:

SNT-TC-1A Recommended Practice for Personnel Qualifi-
cation and Certification in Nondestructive Testing® '

ANSI/ASNT CP-189 ASNT Standard for Qualification and
Certification of Nondestructive Testing Personnel®

3. Terminology

3.1 Definitions—TFor definitions of terms used in this stan-
dard, see Terminology E 1316, Section E. ’

! These test methods are under the jurisdiction of ASTM Committee E07 on
Nondestructive Testing and are the direct responsibility of Subcommittee E07.08 on
Leak Testing.

Current edition approved Sept. 10, 1995. Published November 1995. Originally
published as E499 73. Last previous edition E 499 — 94.

? (Atmosphéric pressure extemal, pressure sbove atmospheric internal). This
document covers the Detector Probe Mode described in Guide E 432,

3 The gas temperature is referenced to 0°C. To convert to another gas reference

T, multiply the leak rate by (T o+ 273}/273.

* Annual Book of ASTM Standards, Vol 03.03,

? Available from American Society for Nondestructive Testing, 1711 Arlingate
Plaza, P.O. Box 28518, Columbus, OH 43228-0518.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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4. Summary of Test Methods

4.1 Section 1.8 of the Leakage Testing Handbook® will be of
value to some users in determining which leak test method to
use.

4.2 These test methods require a leak detector with a
full-scale readout of at least 4.5 X 1072 mol/s (1 X 1077 Std
cm?/s)® on the most sensitive range, a maximum 1-min drift of
zero and sensitivity of *+5 % of full scale on this range, and
*2 % or less on others (see 7.1). The above sensitivities are
those obtained by probing an actual standard leak in atmo-
sphere with the detector, or sampling, probe, and not the
sensitivity of the detector to a standard leak attached directly to
the vacuum system.

4.3 Test Method A, Direct Probing (see Fig. 1), is the
simplest test, and may be used in parts of any size, requiring
only that a tracer gas pressure be created across the area to be
tested, and the searching of the atmospheric side of the area be
with the detector probe. This test method detects leakage and
its source or sources. Experience has shown that leak testing
down to 4.5 X 10 7 mol/s (1 X 107 Std cm %/s)® in factory
environments will usually be satisfactory if reasonable precau-
tions against releasing gas like the tracer gas in the test area are
observed, and the effects of other interferences (Section 6) are
considered.

4.4 Test Method B, Accumulation Testmg (see Fig. 2),
provides for the testing of parts up to several cubic metres in
volume as in Fig. 2(a) or in portions of larger devices as in Fig.

- 2(b). This is accomplished by allowing the leakage to accu-

mulate in the chamber for a fixed period, while keeping it well
mixed with a fan, and then testing the internal atmosphere for
an increase in tracer gas content with the detector probe. The
practical sensitivity attainable with this method depends pri-
marily on two things: first, on the volume between the chamber
and the object; and second, on the amount of outgassing of
tracer gas produced by the object. Thus, a part having consid-
erable exposed rubber, plastic, blind cavities or threads cannot
be tested with the sensitivity of a smooth metallic part. The
time in which a leak can be detected is directly proportional to

€ Mary, J. William, “Leakage Testing Handbook,” prepared for Liquid Propulsion
Section, Jet Propulsion Laboratory, National Aeronautics and Space Administration,
Pasadena, CA, Contract NAS 7-396, June 1961.
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the leak rate and inversely proportional to the volume between
the chamber and the part. In theory, extremely small leaks can
be detected by this test method; however, the time required and
the effects of other interferences limit the practical sensitivity
of this test method to about 4.5 X 107> mol/s (1 X 10 ~8 Std
cm’/s)® for small parts.

5. Personnel Qualification .

5.1 It is recommended that personnel performing leak test-
ing attend a dedicated training course on the subject and pass
a written examination. The training course should be appropri-
ate for NDT level II qualification according to Recommended
Practice No. SNT-TC-1A of the American Society for Nonde-
structive Testing or ANSI/ASNT Standard CP-189.

6. Significance and Use

6.1 Test Method A is frequently used to test large systems
and complex piping installations that can be filled with a trace
gas. Helium is normally used. The test method is used to locate

COPYRIGHT 2003; ASTM International

leaks but cannot be used to quantify except for approximation.
Care must be taken to provide sufficient ventilation to prevent
increasing .the helium background at the test site. Results are
limited by the helium background and the percentage of the
leaking trace gas captured by the probe.

6.2 Test Method B is used to increase the concentration of
trace gas coming through the leak by capturing it within an
enclosure until the signal above the helium background can be
detected. By introducing a calibrated leak into the same
volume for a recorded time interval, leak rates can be mea-
sured.

7. Interferences

7.1 Atmospheric Helium—The atmosphere contains about
five parts per million (ppm) of helium, which is being

~ continuously drawn in by the detector probe. This background

must be “zeroed out” before leak testing using helium can
proceed. Successful leak testing is contingent on the ability of
the detector to discriminate between normal atmospheric

Document provided by IHS LicenssesRock island Arsenal/2683967100, Users,
08/2772003 12:58:45 MOT Q& or shout this ploass call
the Document Policy Management Group at 1-300-451-1584,




{ib E 499

Device
A 4
Chamber
— Helium
Leak
. =r= 3
= R 1 Detector
D/v— Fan Probe
r
Pressurizing
Connection
a) Accumulation Leak Test, Complete Device in Chamber
4 A/ > " Helium
Leak
\’A Detector
Tape

Plastic Film or \
Other Barrier

Probe

\/A Device

b} Accumutlation Leak Test, Flexible Shroud over a Small Portion of Device
FIG. 2 Method B

helium, which is very constant, and an increase in helium due
to a leak. If the normally stable atmospheric helium level is
increased by release of helium in the test area, the reference
level becomes unstable, and leak testing more difficult.

7.2 Helium Outgassed from Absorbent Materials—Helium
absorbed in various nonmetallic materials (such as rubber or
plastics) may be released during the test. If the rate and
magnitude of the amount released approaches the amount
released from the leak, the reliability of the test is decreased.
The amount of such materials or their exposure to helium must
then be reduced to obtain a meaningful test.

7.3 Pressurizing with Test Gas—In order to evaluate leak-
age accurately, the test gas in all parts of the device must
contain substantially the same amount of tracer gas. When the
device contains air prior to the introduction of test gas, or when
an inert gas and a tracer gas are added separately, this may not
be true. Devices in which the effective diameter and length are
not greatly different (such as tanks) may be tested satisfactorily
by simply adding tracer gas. However, when long or restricted
systems are to be tested, more uniform tracer distribution will
be obtained by first evacuating to less than 100 Pa (a few torr),
and then filling with the test gas. The latter must be premixed
if not 100 % tracer.

7.4 Dirt and Liquids—As the orifice in the detector probe is

COPYRIGHT 2003; ASTM intemationsa

very small, the parts being tested should be clean and dry to
avoid plugging. Reference should be frequently made to a
standard leak to ascertain that this has not happened.

8. Apparatus

8.1 Helium Leak Detector, equipped with atmospheric de-
tector probe. To perform tests as specified in this standard, the
detector should be adjusted for testing with helium and should
have the following minimum features:

8.1.1 Sensor Mass Analyzer.

8.1.2 Readout, analog or digital.

8.1.3 Range (linear)—A signal equivalent to 4.5 X 107!
mol/s (1 X 10 ~® Std cm®/s)® ‘or larger must be detectable.

8.1.4 Response time, 3 s or less.

8.1.5 Stability of Zero and Sensitivity— A maximum varia-
tion of =5 % of full scale on the most sensitive range while the
probe is active; a maximum variation of £2 % of full scale on
other ranges for a period of 1 min.

Nore 1—Variations may be a function of environmental interferences
rather than equipment limitations.

8.1.6 Controls:
8.1.6.1 Range, prefereable in scale steps of 3X and 10X.
8.1.6.2 Zero, having sufficient range to null out atmospheric
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helium. Automatic null to zero is preferred.

8.2 Helium Leak Standard—To perform leak tests as speci-
fied in this standard, the leak standard should meet the
following minimum requirements:

8.2l Ranges—-4.5 X'10 ™ 10 4.5 X 107 mol/s (10 = to
107 Std cm’/s)® full scale calibrated for discharge to atmo-
sphere.

8.2.2 Adjustability—Adjustable leak standards are a conve-
nience but are not mandatory.

8.2.3 Accuracy, +25 % of full-scale value or better.

8.2.4 Temperature Coefficient, shall be stated by manufac-
turer.

8.3 He{fym Leak Standard, as in 8.2 but with ranges of
4.5 10 "or4.5X 107" mol/s (1077 or 1078 Std cm’/s).?

8.4 Dther Apparatus—Fixtures or other equipment specific
to one:test method are listed under that test method.

9. Material

9.1 Test Gas Requirements:

9.1.F To be satisfactory, the test gas shall be nontoxic,
nonflammable, not detrimental to common materials, and
inexpensive. Helium, or helium mixed with air, nitrogen, or
some other suitable inert gas meets the requirements. If the test
specification allows leakage of 4.5 X 10 ~° mol/s (1 X 10~
Std cm */s)* or more, or if large vessels are to be tested,
consideration should be given to diluting the tracer gas with
another gas such as dry air or nitrogen. This will avoid
excessive helium input to the sensor and in the case of large
vessels, save tracer gas expense (Note 2).

9.1.2 Producing Premixed Test Gas—If the volume of the
device or the quantity to be tested is small, premixed gases can
be conveniently obtained in cylinders. The user can also mix
gases by batch in the same way. Continuous mixing using
calibrated orifices is another simple and convenient method
when the test pressure does not exceed 50 % of the tracer gas
pressure available.

Note 2—When a vessel is not evacuated prior to adding test gas, the
latter is automatically diluted by one atmosphere of air.

9.2 Liquid Nitrogen, or other means of cold trap refrigera-
tion as specified by the maker of the leak detector.

10. Calibration

10.1 The leak detectors used in making leak tests by these
test methods are not calibrated in the sense that they are taken
to the standards laboratory, calibrated, and then returned to the
job. Rather, the leak detector is used as a comparator between
a leak standard (8.2) (set to the specified leak size) which is
part of the instrumentation, and the unknown leak. However,
the sensitivity of the leak detector is checked and adjusted on
the job so that a leak of specified size will give a readily
observable, but not off-scale reading. More specific details are
given in Section 11 under the test method being used. To verify
sensitivity, reference to the leak standard should be made
before and after a prolonged test. When rapid repetitive testing
of many items is required, refer to the leak standard often
enough to ensure that desired test sensitivity is maintained.

11. Procedure -
11.1 General Considerations:

COPYRIGHT 2003; ASTM Intemational

11.1.1 Test Specifications—A testing specification shall be
in hand. This shall include: ' :

11.1.1.1 The gas pressure on the high side of the device to
be tested; also on the low side if it need differ from atmospheric
pressure.
11.1.1.2 The test gas composition, if there is need to specify
it. oo :
11.1.1.3 The maximum allowable leak rate in standard cubic
centimetres per second. : ,

11.1.1.4 Whether the leak rate is for each leak or for total
leakage of the device.

11.1.1.5 Ifan “each leak” specification, whether or not other
than seams, joints, and fittings needs to be tested.

11.1.2 Safety Factor—Where feasible, it should be ascer-
tained that a reasonable safety factor has been allowed between
the actual operational requiremernts of the device and the
maximum specified for testing. Experience indicates that a
factor of at least 10 should be used when possible. For
example, if a maximum total leak rate for satisfactory opera-
tion of a device is 2.2 X 107'% mol/s (5 X 107° Std cm?/s)?, the
test requirement should be 2.2 X 10 ™ mol/s (5 X 1077 Std
em /s)® or less.

11.1.3 Test Pressure—The device should be tested at-or
above its operating pressure and with the pressure drop in the
normal direction, where practical. Precautions should be taken
so that the device will not fail during pressurization, or that the
operator is protected from the consequences of a failure.

11.1.4 Disposition or Recovery of Test Gas—Test gas
should never be dumped into the test area if further testing is

- planned. It should be vented outdoors or recovered for reuse if

the volume to be used makes this worthwhile,

11.1.5 Detrimental Effects of Helium Tracer Gas—This gas
is quite inert, and seldom causes any problems with most
materials, particularly when used in gaseous form for leak
testing and then removed. When there is a question as to the
compatibility of the tracer with a particular material, an
authority on the latter should be consulted. This is particularly
true when helium is sealed in contact with glass or other
barriers that it may permeate.

11.1.6 Correlation of Test Gas Leakage with Other Gases or
Liquids at Different Operating Pressures:

11.1.6.1 Given the normal variation in leak geometry, accu-
rate correlation is an impossibility. However, if a safety factor
of ten or more is allowed, in accordance with 11.1.2, adequate
correlation for gas leakage within these limits can usually be
obtained by assuming viscous flow and using the equation:

0 = (QN/NY[(P,2 — P IR ~ PyY)]

where

Q, = test leakage, Pa-m®/s (standard cm’/s),

o = operational leakage, Pa'm®/s (standard cm?/s),

N, = viscosity of test gas (Note 3),

N = viscosity of operational gas (Note 3),

Py, P, = absolute pressures on high and low sides at test,
and

P, P; = absolute pressures on high and low sides in

operation (Note 4). :
11.1.6.2 Experience has shown that, at the same pressures,

Documaent provided by IHS Licensee=Rock Isiand Arsenal9963967100, Users,
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gas leaks smaller than 4.5 X 107 mol/s (1 x 105 Stq cm®/s)?
will not show visible leakage of a liquid, such as water, which
evaporates fairly rapidly. For slowly evaporating liquids such
as lubricating oil, the gas leakage should be another order of
magnitude smaller, 4.5 X 10 ™ mol/s (1 X 10~ Std cm 5).3
See Santeler and Moller’ for further discussion of this. topic.

Nore 3—Viscosity differences between gases are a relatively minor
effect and can be ignored if desired.

Note 4—It will be observed from this equation that the leakage
increases at a rate considerably greater than that of the pressure increase.
For this reason it is often desirable to increase the sensitivity of the test by
testing at the maximum safe pressure for the part. Increased sensitivity
may even be obtained with the same amount of helium by increasing the
pressure with another less expensive gas, such as air.

11.2 Test Method A (refer to 4.3 and Fig. 1)

11.2.1 Apparatus:

11.2.1.1 Test Specification.

11.2.1.2 Helium Leak Detector, with atmospheric detector,
sampling probe.

11.2.1.3 Helium Leak Standard, discharge to atmosphere.
Size equal to helium content of maximum leak rate per
specification. »

11.2.14 Helium Leak Standard, discharge to vacuum. Size:
anywhere between 4.5 X 10 ™! mol/s (1 X 10~ Std cm 3/5)3
and 4.5 X 10" mol/s (1 X 107 Std cm?/s),? unless otherwise
specified by maker of leak detector.

11.2.1.5 Test Gas, at or above specification pressure.

11.2.1.6 Pressure Gages, Valves, and Piping, for introduc-
ing test gas, and if required, vacuum pump for evacuating
device, '

11.2.1.7 Liquid Nitrogen, if required.

11.2.2 Procedure:

11.2.2.1 Set helium leak standard at maximum helium

content of specification leakage. Example:
Max leak rate: 4.5 X 10  mol/s (1 X 10™* Std cm %/s).3 Test
gas: 1% helium in air. Set standard at 4.5 X 10~° mol/s
(1 X 10 ™ Std cm ¥/s)® X 0.01 =4.5 X 10 ~!! mol/s (1 X 1076
Std cm %s).3 ,

11.2.2.2 Start detector, warm up, fill trap with liquid nitro-
gen if required, and adjust in accordance with manufacturer’s
instructions, using leak standard 11.2.1.4 attached to vacuum
system.

11.2.2.3 Attach atmospheric detector probe to detector
sample port in place of leak standard and open valve of
detector probe, if adjustable type is being used, to maximum
leak rate under which detector will operate properly.

11.2.2.4 Rezero detector to compensate for atmospheric
helium.,

11.2.2.5 With orifice of leak standard (11.2.1.3) in a hori-
zontal position, hold the tip of the detector probe directly in
line with and 1.5 + 0.5 mm (0.06 + 0.02 in.) away from the
end of the orifice, and observe reading (Note 5).

11.2.2.6 Remove probe from standard leak and note mini-
mum and maximum readings due to atmospheric helium
variations or other instabilities.

? Santeler, D, J, and Moller, T. W, “Fluid Flow Conversion in Leaks and
Capillaries,” Vacuum Symposium Th ions, Perg Press, London, 1956, p
29. Also General Electric Company RS6GL261.
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11.2.2.7 If 11.2.2.6 is larger than 30 % of 11.2.2.5, take
steps to reduce the helium added to the atmosphere, or to
eliminate other causes of instability. If this cannot be done,
testing at this level of sensitivity may not be practical.

11.2.2.8 Evacuate (if required) and apply test gas to device
at specified pressure.

11.2.2.9 Probe Areas Suspected of Leaking— Probe shall be
held on or not more than 1 mm (0.04 in.) from the surface of
the device, and moved not faster than 20 mm/s (0.8 infs). If
leaks are located which cause a “reject” indication they must be
repaired before making final acceptance test.

11.2.2.10 Maintain an orderly procedure in probing the
required areas, preferably identifying them as tested, and
plainly indicating points of leakage.

11.2.2.11 At completion of the test evacuate or purge test
gas from the device, if required.

11.2.2.12 Write a test report or otherwise indicate test
results as required.

Note 5—If necessary to obtain a reasonable instrument deflection,
adjust range, rezero if necessary, and reapply sampling probe to leak
standard.

11.3 Test Method B (refer to 4.4 and Fig. 2):

11.3.1 Apparatus—Same as for Test Method A, except that
equipment for enclosing all or part of the item to be tested is
required as shown in Fig, 2.

11.3.2 Procedure:

11.3.2.1 Set-up—Same as 11.2.2.1-11 -2.2.7, Test Method A,
except that somewhat larger variations in atmospheric helium
can be tolerated due to the isolation of the part during test.

11.3.2.2 Sensitivity Setting—In general, it will be advanta-
geous to use the maximum stable sensitivity setting on the leak
detector, in order to reduce the accumulation time to a

11.3.2.3 Insert the part to be tested (unpressurized), the leak
standard (11.2.1.3), and the detector probe in the Fig. 2
enclosure. :

11.3.2.4 Note the rate of increase of detector indication.

11.3.2.5 Remove the leak standard, pressurize the part with -

test gas, and again note rate of rise, if any. If 11.3.2.5 exceeds
11.3.2.4, reject part. :

11.3.2.6 Remove the part from the enclosure and purge out
any accumulated helium.

11.3.2.7 Evacuate or purge test gas from the part, if re-
quired.

11.3.2.8 Write a test report or otherwise indicate test results
as required. )

12, Precision and Bias

12.1 Precision

12.1.1 Test Method A—No statement on precision is made.

12.1.2 Test Method B—Replicate tests by the same operator
with the same equipment should not be considered suspect if
the results agree within +25 %, Replicate tests from a second
facility should not be considered suspect if the results agree
within+ 50 %,

12.2 Bigs:

12.2.1 Test Method A—Due to the nature of the test no

statement of bias is possible. Calibration standards are used

D ¢ovi . /9983957100, Liser=,
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only to ensure that the leak detector is ﬁxncﬁoning properly. No  13. Keywords .

leak measurement is intended. 13.1 bell jar leak test; bomb mass spectrometer leak test;
12.2.2 Test Method B—Bias of leak rates between 107" and ~ helium leak test; helium leak testing; leak testing; mass

107 Pam¥s (107° to 10™ standard cm *s) are typically  spectrometer leak testing; sealed object mass spectrometer leak

*25%. test '

The American Sodiety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned In this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringsment of such rights, are entirely their own responsibiiity. 4

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
i not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the. responsible
technical commities, which you may attend. If you fesl that your comments have not recelved a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or muttiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@sstm.org (s-mail); or through the ASTM website (www.astm.org).
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each test sample, there is no leakage of
liquid from the package.

[Amdt. 178-87, 55 FR 52723, Dec. 21, 1990, as
amended at 56 FR 68288, Dec. 20, 1981; Amat.
176-89, 55 FR 61534, Oot. 1, 1983 Amdt, 178-102,
wmifmﬂ.m%mmm.m

§178.606 Stacking test.

jected to a stacking test.
(b) Number of test semples. Three test
samples are required for each different

kagings
steel, monel, or nickel, only one test
sample is required. Exceptions for the
number of almminum and steel sample
packagings used in conducting the
stacking test are subject to the ap-
proval of the Associats Administrator

" for Hasardous Materials Hafety. Not-
of

withstanding the provisioms
§178.602(a) of this subpart, combination
Packagings may be subjected to the
sﬁckingtutwlthog.tﬂ:drimermotv
agings, except wheré-this would invali-

date the results of the test,
(c) Test method—(1) Design gualifica-
tion testing. The test sample must be
subjected to a force applied to the top
surfiace of the test sample equivalent to
the total weight of identical packages
which might be stacked on it during
transport; where the contents of the
teat sample are non-hazardous lquids

E&dmnqﬁfa' be oty
%o be transported, the
force must be oaloulated based on the
specific gravity that will be marked on
g:mhﬁm.mmhd@tof
stack, including asample,
must be 3.0 m (10 feet). ‘The duration of
the test must be 24 hours, except that

of not less than 40°C (104°F). Alter-
native test methods which yield equiv-
alent results may be usaed if approved
by the Asscciate Admiuistrator for
Hasardous Materials Safety. In gutded
load tests, stacking stability must be
assessed after completion of the test by
Placing two filled packagings of the
same type on the test sample. The
stacked packages must maintain their

§178.606

vosition for ome hour. Plastic pack-
agings must be cocled to ambient tem-
perature before this stacking stability

_assessment.

(2) Periodic retesting. The test sample
maust be tested in accordance with: |

(@) Section 178.606(c)(1) of this sub-
part; or

(1) The packaging msay be tested
using a dynamic compression testing
machine. The test must be conducted
at room temperature on an empty, un-
sealed packaging. The test sample
must be centered on the bottom platen
of the testing mackine. The top platen
must be lowered until it comes in con-
tact with the test sample. Compression
must be applied end to end. The speed
of the compression tester must be ane-
half inch plus or minus ene-fourth inch
Pper minute. An initial preload of 50
younds must be applied to ensure a
defini%e contact between the test sam-
Ple and the platens. The distance be-
twesn the platens at this time must be
recorded as xero deformation. The force
A to then be applied must be calculated
using the formmia:

‘Liquids: A=m - D Iw+ (8 XV x83 X

88)] x 1.5;

Solide: A=(n —D[w+(sxv x838 x
95)) x 1.5

‘Where: : .

A= ed load in pounds,

ne“DDli _  PO!

gallon of water.
15 is a compensation factor that converts

thestqﬁclosdotbbamtmgmtintoa,

load psuitable for dynamic compression
testing.

(Q) Criteria jor passing the test. No test
sample may leak. In composite pack-
agings or comhination packagings,
thers must be no leakage of the filling
mbshmenvmthsinnerremnele.or
imner packaging. No test sample may
ey frar ranErOrtatiog. sy o
vers lon_safety or
any distortion likely to reduce its
strength, cause instabllity in stacks of
packages, or cause damage to inper

887

8.3 corresponds to the weight in pounds of 1.0




§178.607

packagings likely to reduce safety in
transportation. For the dynamie com-
Prossion test, a container passes the
testif,afterappncaﬁnnoftheraquired
load, there iz no buckling of the.side-
wanssnﬂdsnttooamdamaaetoibs
expected contents; in no case may the
maximum deflection exceed one inch.

[Amdt. 178-87, 55 FR 52724, Dec. 21, 1990, as
amended at 56 FR 66286, Dec. 20, 1961; 57 FR
M.MI.MMIMYWFBM.
Jane 3, 1954; Amdt. 178-106, 59 FR 67522, Deo.
29, 1984; 65 F'R 58632, Sept. 29, 2000)

§178.807 Coopwtutﬁrhunme
wooden bharrels.

rel at least two days old.
(c)Oritaicformcdmﬂ;etest.Amkv
agingmmmaoomtustomyif
the diameter of the cross-sectian of the
upper part of the barrel does not in-
mebymmth@lom

§178.608 Vibration standard.
() Bach packaging must be capable

be left free to move vertically, bounce
and rotate.
(8) The test must be performed for

" one hour at & frequency that causes the

) vibrating
platform to such a degree that a plece
of material of spproximately 1.6 mm
{0.083 inch) Mhickmess (such as sbeel

(4) Immediately following the period
of vibration, each paciiage must be re-
moved from the platform, turned on its
aide and observed for any evidence of
leakage. . iy

49 CFR Ch. | (10-1-00 Eciition)

{6) Other methods, at least equally
effactive, may be used, if approved by
the Associate Administrator for Hag-
ardous Materials Safety.

(o) Crilerig for passing the test. A pack-
aging passes the vibration test if there
18 no rupture or leakage from any of
the patkages. No test sample should
show any deterioration which could ad-
versely affect transportation safety or
any distortion Hable to reduce pack-
aging strength. -

[Amdt.l?m.ﬁsmm.nec.ﬂ.m.as
amenied at 56 FR 66286, Dec. 20, 1991}

$178.609 Test requirements for pack-
Clologio eponitsctious - substances
(f ogic agents).

() Samples of eack packaging must
be prepared for testing as desecribed in
paragraph (b) of this section apd then
szhjected to the tests in paragraphs (d)
through (1) of this seotion.

(c) Packagings prepared as for trans-
port mpst be subjected to the tests in
table I of this paragraph, which, for
test purposes, oategorizes packagings
according to their material character-
istics. For outer packagings, the head-
ings in tahble I relate to fibexboard or
similar materials whose performanoce
may be raphily affected by moisture;
plastios, other than expanded plastios
or fiim, which may embrittle at low
temperature; and other materials suoh
as metal whose performance is not sig-
nificantly affected by moistare or tem-
perature. Inner
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T 49 CFR Ch. 1 (10-1-00 sdmo,.,_;"

(d) Paper or fibarboard Packagings (8) Hxcept ag otherwise Provideq,
must be conditioned for at legst 24 sach bPeokaging must be closed in Jrep.
hours immediately priop to teating in araticn for testing in the Same mannep
an atmosphere maintained—— 88 if prepared for aatya) shipment, &}

(1) At 50 percent 12 peroent relative closures mugt be installed using Droper

should fall within these Umits. Short- wood must ba left filled with water for °
term fAuctuations ang measurement at least 24 hours before the tests.

limitations may cause individna] meas- {Amds. 17897, 55 PR 82723, Dec. 11, as
Rrements o vary by up to 1 § DOICENt  amended at 54 7g 65285, Deo, 30, mzmu.
relative humidity without significant 178-106, 68 PR 67522, Deg, 29, 1994) -

@) At 85 percent 13 peyoent relatlve £178.603 Drop test, :
humidity, and at & temperature of 25 (a) General, The drop test must be-
°Ci2 °0 (g8 °Fud °F), or 27 *0t3 °g (81 conducted for the qualification of a)y.
Fi4 °m), Average values should fan Dackaging design t¥pes and performed- ,
within these limits, Short-term fige. Deriodically ag specified in §178.601(e), - &
tuations and measurement Umitations For other than flgt drops, the center of :
Tay causge individaa} measurements o Vity of the test Packaging must be:
vmbyw;l&totﬁ.mmnirelaﬂyehu- vortd oanyovertheyomtotimpmtﬁ

oan :

midi out ent  Where more than one orlentation is
of test reproducibility; or posaible for a given drop test, the ﬂ:ﬁ-

(8) For testing at periodic intervals R most Hirely to result in -
only (i.e., other than design mofthepaokagingmustbemme

tHons &gee’ orlentations are as follows:
- Pachaging No. of tests {sampics) Brop orlentation: of semples

Staal drume, Alminam drume, Met Six—{thae for {using three samplos): The package must strve e - 4
dmm(oﬂw!mmdwuu- dmp).m fach memhdelhmﬁ.m
minum), ‘;ﬂvul Jorricans, Ptyma ?'m.:n.qwummuu;;:::wm&mw
drume, Plastlc drama ar mm'mmmm'duw'wvnmm ~.

n for for 7 the

»mc:mm;:dnmmm« mhadaunot.q'hm oylwdnmn.

Boxss of natr) wood, Plywood Five~—~{ona for exch Hudmp:ﬁumﬂubmnmuhﬂdmw C
boxes, Rceamumbm drop). dqxﬂumhzﬁnuhmmmw k
Flbeiboard boxes, Plastic boxes, Fat on the long (mumqm).mm .
Sbuorcintmmbwn.cum- Mmﬂmm“mummmm R
MMMUohh m.mmmmm)

wadlbm L] Thise—{uee ﬁnpa’; Firat drope Fist n%htmnmmm

i side o por bag), . mmﬁu.mmmum

Bage—singie-ply without x side seam, Thrwe—{iwo dreps par aﬂ“m*%u%'iﬁ‘&'m“"f:’m““m Sec-
Of muk-ply, bag). Mﬂmmmwdhbﬂb&gd&um

(b} Ereeptions, For ey of single or  the approval or the Associate Adminis-
Somposite packagings m of trator for Hazardous Materiais Safety,
Stainleas steel, nicke], or monel at (&) Special preparatinn of test samples
Deriodic intervalg only (i.e., other thay for the drop test. Testing of plastic
denign qualification testing), the drop drums, plastic lerricans, plastic boxes
. test may he oonducted with two Bam-  other than expanded polystyrene boxes,
pxl;s. t?t: Sample each for the two drop  composite Packagings (plastic mate-
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(0 °F) or lower. Test liguids shall be
_kept in the liguid state, if necessary,
yy the addition of anti-freeze. Test

required %o be conditioned in accord-
ce with §178.602(d).

(d) Target. The target must be a rigid,
on—resilient flat and horizontal sur-

(e) Drop height. Drop heights, meas-
ured as the vertical distance from the
“target to the lowest point on the pack-
age, must be determined as follows:
©"(1) For solids and liquids, if the test
is performed with the solid or liguid to
e transported or with a non-hasardous
aterial having essentially the same
physical characteristic, the drop height
nust be determined according to pack-
‘ing group, as follows:
" (1) Packing Group I! 1.8 m (5.9 feet).
© (il) Packing Group II: 1.2 m (3.9 feet).
- (1il) Packing Group I 0.8 m (2.6
feet).
- (9 For liguids, if the test is per-
formed with water—
" (1) Where the materials to be carried
ve a specific gravity not exceeding
‘1.2, drop height must be determined ac-
:cording to packing group, as follows:
(A) Packing Group I: 1.8 m (5.9 feet).
(B) Packing Group II: 1.2 m (3.5 feet).
(C) Packing Group HI: 0.8 m (2.6 feet).
(11) Where the materials to be trans-
ported have & specific gravity exceed-
ing 1.2, the drop height nwust be cal-
culated on the basis of the speoific
gravity (8G) of the material to be car-
‘ried, rounded up to the first decimal, as
gollows:
.1‘ (.:))chkingGroupI: 8Gx1bm (4.9
oot).

feat).
(0) Packing Group III: 8G x 0.67 m
(2.2 feet).
(43] Criteria for passing the test. A pack-
‘age is constdered to suocoessfully pass
the drop tests if for each sample test-
ed—
(1) For packaginga containing liquid,
each packaging does not leak when
equilibrium has been reached between
the internal and external pressures, ex-
cept for inner packagings of combina-
tion packagings when it is not nec-
esgsary that the pressures be equalized;
(2) For removabls head droms for sol-
ids, the entire contents are retained by

(B) Packing Group II: SGx 10 m (8.3

*Ressarch and Special Programs Admin., DOT 7 §178.604
an inner packaging (e.g., a plastic bag) .

even if the closure on the top head of
the drum is no longer sift-proof;

(8) Por a bag, neither the outermost
ply nor an outer packaging exhibits
any damage likely to adversely affect
safety during transport;

{4 For a composite or combination

-packaging, thers is no damage to the

outer packaging likely to adversely af-
feot safety during transport, and there
is no leakage of the filling substance
from the inner packaging;

(6) Any discharge from a closure is
slight and ceases immediately after
impact with no further leakags; and

(6) No ruptare is permitted in pack-
agings for materials in Class 1 which
would permit.spillage of loose explo-
sive substances or articles !rom the
outer packaging,

{Arodt. 178-07, 85 FR 52723, Deo. 21, 1800,
amended at 55 ¥R 66386, Dec. 20, 1981; 57
45465, Oct. 1, 1092; Amdt. 178-99, 58 FR 51
Oct. 1, 1898; Amadt. 178-206, 59 FR 67523, De
29, 1964; 65 F'R 50483, Aug. 18, 2000]

§178.604 Leakproofness test.

(&) General. The leakproofneas test
must be performed with compressed air
or other suitdble guses on all pack-
agings intended to conta.in liguids, ex-
cept that:

(1) The inner receptacle of a com-
pogite packaging may be tested with-
out the oufer packaging provided the
test results are not affected; and

(2) This test is not required for inner
packagings of combination packagings.
- (b) Number of packagings to be tested—
{1) Production testing. All packagings
subject to the provisions of this section
must be fested and must pass the
leakproofness test:

(1) Before they are first used in trans-
portation; and

{i1) Prior to reuse, when authorized
for reuse by §173.28 of this subchapter.

(2) Design qualification and periodic
testing. Three samples of each different
packaging must he tested and must
pass the leakproofness test. Exceptions
for the number of samples used in con-
duocting the leakproofness test are sub-
ject to the approval of the Associate
Administrator for Hazardous Materials
Bafety.

{c) Special preparation—(1) For design
qualification and periodic testing,

p?ﬁ
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METHOD 514.4
VIBRATION
SECTION 1I
Page
I-1 PURPOSE._... e e e .. B1a.a.1
1-2 ENVIRONMENTAL EFFECTS. . . e e . . ... . sl4.4-1
1-3 GUIDELINES FOR DETERMINING TEST PROCEDURES .
| AND TEST CONDITIONS. . . . . . e . .. .. . Bla.4-2
I-3.3  TRANSPORTATION VIBRATION . . . . . . . . . ... .. ... 514.4-
I-3.4  APPLICATION VIBRATION . . . . . . . . . . . . . .. " 814 4-14
I-4 SPECIAL CONSIDERATIONS . . . . . . . . . . . . . . . .27 B1a s4-a1
I-5 BEFERENCES . . . . . . . . . . . v v v v o i i 77 B18.84-48
SECTION 11 -
I1-1 APPARATUS. . . e e e e e e ... sl4.4-83
11-2 PREPABATION FOR TEST . . . . . . . . . . . . . . """ Sle a-se
II-3  PROCEDURES . . . c e e e e e e ... ...... 5l4.4-80
II-4 INFORMATIONTO BE RECORDED . . . . . . .. .. .. ... 514.4-83
ANNEX A . . . . . . o v v v i i e e i e ... Bl14.4-a65

I-1 PURPOSE. Vibration testing is performed to determine the resistance
of equipment to vibrational stresses expected in its shipment and application
environments. -

ENVIRONMENTAL EFFECTS. Vibration can cause:

I-2

a.

b.

Wire chafing.
Loosening of fasgsteners.
Intermittent electrical contacts.
Touching a.nd;shorting of electrical parts.
Seal defornat.ion.
Component fatigue.
Optical migalignment.
Crackiﬁg and rupturing.
METHOD 514.4

514.4-1
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1. Loosening of particles op Parts that may become lodged in circuits op
mechanisme. ' Co

o j. Excessive electrical noige.

Co1-3 ETERMINING TEST DURES TEST CONDITIONS, o

NOTE: The tailoring process as describsd in Section 4 of this document shaill be used
to determine the appropriate tests and test variables.

a. Application. This® method is intended for all types of militéu-y
equipment except as noted in the foreword to this gtandard.

b. Regtrictions. None.
c. Sequence. Vibration testing may be performed anytime in the test progx-am.

The accumulated effects of vibration-induced stress may affect equipment performance
under other envirommental conditions, such asg tenperatm. altitude, humidity, leakage

d. Test variation
v (N 'I'gst. apparatus.
) (2) Test item configuration.
(3) On/oft state of test item.
(4) Vibration spectrum and intensity.
(%) Duration of exposure.
(6) Axes of exposur'e.
(7) Loeation of accelorcméters.

I-3.1 Cho o t . The choice of tesmt procedure is governed
by the vibration environments to be tested for. These environments ghould all
be identified during the part of the tailoring process desoribed in General
Requirement=z, 4.2.2. :

Table 514.4-1 divides vibration environments into twelve categories—-three
", ‘transportation-induced and nine application-induced. Procedure I is used for
© testing an item to nine of these categories. Procedures II, III, and IV are
each used for one of the three remaining categories. , _

METHOD 514.4 T
514.4-2
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\_,,34 Operational environments
.. 1-3.4.1 Catedorv 4 - Propeller airoraft and turbine engines.

I-3.4.1.1 Background information. Service vibration frequency spectra for equipment
. instal led in propeller aircraft consist of a broadband background with guperimpogsed
"o narrow band spikes. The background spectrum resulta from various random gources (see
" 1-3.4.2) with many periodic (not pure sinusoidal) components due to the rotating
— elements (engines, gearboxes, shafts, eto.} associated with turboprops. The =pikes
. . are produced by the passage of premsure fields rotating with the propeller blasdes. Thenae
-, occur in relatively narrow bands centered on the propeller passage frequency (number

" of blades multiplied by the propeller rpm) and harmonics.

- The spectrum for equipment mounted directly on turbine engines is similar to the
" propeller aircraft spectrum except the primary spike frequency iz the rotational spaed
of the rotor(g]. . _ . o '

Most current propeller aircraft and many turbine engines are constant-gpeed machines.
‘Thig meang that rpm is held constant and power changes are made through fuel flow
- changes and variable-pitch blades, vaned, and propel lerg. Thede machiner produce the

Ui fixed frequency gpikes of figure 514.4-7. Theme splkes have an awscciated bhandwidth
» because there 12 minor rpm drift and because the vibration is not pure sinugoidal (I-

4.5).

-~ There are indications that future turboprop or propfan engineg will not be constant-
gpeed machines. All reciprocating engines and many turbine engines are not constant-
eneed. Also modern turbofan engines usually have two and sometimes threes mechanically
.. lependent rotors operating at different speeds. The spectra of figure 514.4-7 must
.- b8 modified 1f umed for these.

;.. These vibration environmente can be approximated in the laboratory by the source dwel}

! test described in I-4.2.2. - Many vibration probleme in this type of environment are -.
“associated with the coincidence of equipment vibration modes and the excitation

splkes. The notchés bstweén spikes arée used in intel ligent design ag sAfe regiona for

- eritical vibration modes. Thu# gource dwell tests minimize the likelihood that

.7 equipment will be overstressed at non-representativeé conditions and that reagonable
design provisions will not be subverted.

-+1-3.4.1.2 Test level. Whenever posmible, flight vibration measurements should be
-7 used to develop vibration criteria for laboratory tests. In the absence of flight
measurements, the test levels of table 514.4-I1 can be used with the spectra of {igure
.2 514.4-7. 'The turboprop levels are bazed on data from various C-130 and P-3 aircraft
. meagsurements and are fairly representative of the environments of these aireraft. The
decline of spike acceldration spectral density with frequency i® based on relatively
7 recent data analyzed in a spectral density format. Engine levels are bazed on data
. mzasured on several current Alr Force aircraft engines.

-~ METHOD 514.4
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All equipment items protected from vibration by isolators should also pasgs the mininrm
integrity test requirements of 1-3.4.0 with the test item hard-moumted to the fixtuns

1-3.4.1.3 Test duration. Test duratjons should be developed from flight measuremnntr=
or field data. If field data are not available for development of the test duratlions,
tests gshould be conducted for one hour per axis at the test levels listed in table
514.4-1I, modified according to the guidance in 1-4.3, I-4.6 and I-4.7. Thewe levals
represent maximum actual operating conditions and are functional test levels.

1-3.4.2 Category 5 ~ Jet aircraft

[-3.4.2.1 Background information. The vibration environment for equipment ingtal lod
in jet aircraft (except engine-mounted) stems from four principal mechanisms. These
vibrations are random and, except where the elastic response of primary aircrart
structure is the source, broadband. Thesze sources are as fol lows: ‘

a. Engine noise impinging on aircraft structures.
b. Turbulent aerodynamic flow along external aircraft structures.

c. Pressure pulse impingement due to repetitive firing of guns.

d. Airframe structural motions due to maneuvers. aerodynamic buffet,
landing, taxi, etc. » .

The guidance provided in this section consgiders sources (a) and (b) above. Methaod
519 covers wource (c). Genaral airframe motiongs (d) cannot be adequately covered by
general criteria. They are the result of responses of flexible structures to various
transient events. Two exanples of such responses are the rebound of wings and pylons
when heavy gtores are ejected, and the separated flow or shed vortex excitation of
flight surfaces during sustained maneuvers. The vibration gspectra are characteriatic
of the particular airframé involved and must be evaluated through measured data.
Airframe structural motions are usually important for the outer regiong of flexible
structures (i.e. outer 1/2 of wings, empennage, pylons, etc). They are ugually not
important for fuselsge-mounted equipment.

Jet-noise-induced 'vibrat:!.on is vsually dominant in vehicles which operate at ]ower
dynamic pressures, i.e., limited to subsonic gpeeds at lower altitudes and

METHOD 514.4
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_ “<ransonic speeds at high altitudes. Aerodynamically induced vibration usually
predominates in vehicles which operate at transonic speeds at lower altitudes or
supersonic speeds at any altitude. '

When equipment ig used in more than one application, the vibration criteria should be
enveloped and test criteria baged on a worst-cage composite. . Only functional tests
are performed for tactical missiles.

7 TABLE 514.4-1I. Susgested functional test conditions_for propeller

aircraft and turbine engine equipment lgsee figure §1'4.5—72 .

Equipment Vibration Level

Location 2/, 3/ i of Ly, at Fy, (g%/Hz) 4/5/!

In fuselage or wing

. we
-

! :!forward of propeller 0.1

! In fuselage or wing ' !

! aft of propeller { 0.3 !

! In engine compartment ! !

i or pylons ! 0.6 !

!  Equipment.-mounted directly H i
! on aircraft engines ! 1.0 H

= fundamental éxcitation frequency: Fy = source {requency (i = 1-4)..
F2 = 2F1, F3 = SFI' F4 = ‘Fl

o
b

NN

2/ 'Wwhen panels and racks are not available for equipment installed on
vibration isolated panelg or racks, or when the equipment is tested with ~
© isolators removed, use "fuselage or wing forward of propeller’ category with
- levels reduced 4 dB. -

3/ Increase test levels 6 dB for equipment mounted on fuselage or wing skin
within one propeller blade radiuz of the plane of the propeller disc. For all
other gkin mounted equipment, increase levels by 3 dB.
" 4/ Bandwidth of vibration around each F; will equal #5% F, for constant-speed
- excitation. When excitation is not cons%a.nt—spee‘d. bandwidth will encompass
; operating speeds for cruise and high power operation.

5/ F; = 68 Hz for most C-130 aircraft.

METHOD 514.4
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FIGURE 514.4-7. ested vibration spectra for-propeller
aircraft _and equipment on_turbine engines.
' ‘ METHOD 514.4
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. 1-3.4.2.2  Test levels. 1In the absence of satisfactory measurements of field
" environments, functional test levels approximating jet-noise-induced and {low-

induced vibration may be derived from table 514.4~III and {igure 514.4-8. Aerodynamic
.;and jet noise portions are not additive. Use worst case.

1-3.4.2.3 Test duration. Test durations ghould be developed from flight measurement or
- field data. If field data are not available for devel opment of the test durationa,
_"f' then the test levels of table 512.4-III and guidance dizcussed in 1-4.3, I-4.6,
. and 1-4.7 apply. These levels represent maximum actual operating conditions

and are functional test levels. The requirements of.  1-3.4.9 also apply.

.. 1-3.4.3 Category 6 - Helicopter ajrcraft/installed.

.. 1-3.4.3.1 Backfround information. Helicopter vibration is characterized by ,
;" broadband random with superimposed strong vibration peaks, az depicted in figure
. 514.4-9. Thege peaks are generated by the rotating components in the helicopter,

" such as the main and tail rotors. engines and gear meshing. The operating speeds of
_ these conponents under flight conditions are nearly congtant. varying by only about
. five percent.

The relative levels of these peaks differ throughout the helicopter, depending on the
~, Proximity of the sources, geometry of the aircraft, and location of the test item
‘» Thus, the need for measured data is especially acute. An obvious requirement for
“ helicopter equipment design is to avoid a match or near match between an item's
» vesaonant frequencies and the excitation (source) frequencies at the installed
cation. The major peaks in the hel icopter vibration spectrum are usually
. “Resociated with the main rotor. However, each type of helicopter will have different
sources within different areas of each aircraft. Since the vibration environment is
.. dominated by thesze source frequency peaks, it i# logical to use some of these
. frequencies for exposure in the laboratory test. Normally about four frequencies are
- chosen for the tests. For equipment mounted on engines, refer to I-3.4.1. For
- equipment exposed to gunfire vibration, refer to Method 519.

METHOD 514 .4
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TABLE 514.4-111 Broadband vibration tegt values for jet aircrafl eguipment.

“e me —m ee Ca Sm 4m c@ wm vm s mm mm ws e ww = wm am e

Criteria

Aerodynamically induced vibration (figure 514.4-8) 1/

Functional test level 3/, 4/

W, = K(q)?

Jet engine noise induced vibration (figure 514.4-8) 1/

Functional test level 2/, 3/, 4/, 57, 6/

W, = (0.48 cos? O /R) D, (V./8)34Dy (v /M)
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DEFINITIONS

1.18 x 1071} for cockpit panel equipment and equipment attached to
structure in compartments adjacent to external surfaces hhatQare smoath .,
free from digscontinuities. (K = 2.7 x 1078 {f q is in 1b/ft*)

6.11 % 10°11 fop equipment attached to structure in compartments adjacent .

or immediately aft of external surfaces having discontinuities (eavitien,
chineg, blade antennas, speed brakes, etc.) and equipments in wings,
pylong, stabilizers, and iuselage aft of trailing-edge wing root.

(K = 14 x 1078 if q i= in 1b/ft?)

57.46 N/m? (1200 1b/ft?) or maximum aircraft q. whichever is less.

engine core exhaust diameter, meters (feet). (For engines without fans. ..
ufe maximum exhaust diameter.) '

engine fan exhaust diameter, meters (feet).

minimum distance between center of engihe aft exhaust plane and the centar
of gravity of installed equipment, meters (feet).

engine core exhaust velocity, meters per sec (feet per gec). (For engines
without fang, uge maximum exhaust velocity without afterburner.)

engine fan exhaust velocity, meters per second (feet per sec).
angle between R line and engine exbaust axis., aft-vectored, degraes .
1850 if engine exhaust velocities are in feet/sec.

564 if engine exhaust velocities are in meters/sec.
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_“—vABLE T14.4-1I1. roadband vibration test. valuesg
for jet aircraft equipment. - Continued

NOTES

. 1/ Worset case aerodynamic or jet engine induced vibration should be identified and
i enveloped.

¥

2/ If aircraft has more than one engina, W, shall be thc zum of the
, individually computéd values for. each engihe

. 3/ To. account for the éffect of equipment ihértia on vibration levels, W, may be
" multiplied by a mass loading factor M based on equipment weight in k1lograms
¢ (Founds). This does not apply to equipmerit which ie on isolators. 5

My

Mg

1010.6 - Kg/60),

1010.6 - 0.0075 1b)

Values of M; dre résitrictéd to the range 0.26 to 1.0.
4/ Fop 70°¢ 0¢180°. use & = 70° to compute W,

g 5/ For engined with attérburner use W,, which is four times larger
7 than W, computed uging maximuim V. and V; without afterburner.

"/ For ingtrumént panel équipment, reduce the 0.04 G2/Hz value of figure 514.4-8 by 3
and reduce thé calculated value W, by 6 dB for functional testlng Endur-a.nce_:ls

Tfoq 2%/Hz.

.. METHOD 5144
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N~ BEQUIPMENT pocnrxw Wy Fp
L | GENERAL | o.002 500
INSTRUMENT PANEL 0.002 500
EXTERNAL STORES 0.002 500
ON/NEAR DRIVE 0.02 2000 ,
TRAIN ELEMENTS .
.. :!’1-1-/ ¢
Ty
g, W L,

Acceleration Pover Spectral Denaity (g2/s)

0.02 'J A"J :
{ !
v { ' -

. b :

{ P |

' { | i $

| I | |

! R I !

W R F, Fy K 300 Te

Frequency (Hz)

NOTE 17 Li. La, Ly &and Ly G—Leyels are determined from TABLE 514.4 - IV

FIGURE 514:4-9, Suggested vibration spactrus for
equipment wounteéd on halicopters.
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1-3.4.3.2 Test level#. For the reason stated above, the test levels for equipment
instal led in helicopters should be derived “from field measurement. When measured data
are not avallabie, the test lévels can be zélected from figure 514.4-0 and table’
514.4-IV. Thesé levels are an attempt at énveloping potential worst-case :
environments. They do not represent érivironments under which vibration sensitive:
equipment ghould be expected to perfdri to specification. Costs for many devices are
a strong furiction of the performance péquired in a particular vibration environment.,

Congequently, perfornince vibration levéls shotuild be tailored to particular
applications and are not appropriaté féf a geéneral standard.

For testing purposes, the ajircraft can be divided into three zones, shown in figure
514.4-10. All equipment locations iricluded in a vertical projection of the main
rotor digsc should use the dource frefiéneies of the main rotor in determining the
values of Ly, lLig, Ly, and Ly (see tablé 514.4-IV). For equipment that will be
located in the ﬁorizdhl;&l projection of the tail rotor disc, use the source
frequencies 6¢ the tail rotor in detefinining the values of Ly. Ly. Ly, and Ly- The
fundamentél Main snd till rotor Boured trequencles, F 1. for many helicopters are
given in table 514.4-V. All equipment’ located on drive train components such as gear
boxes snd drivé shalts should uke thé;Bource fréquencies of that drive train
component (i.e., gesr mesh frequencieéd| shaft rotational speeds). These drive train
gource tréqiénciés fust be deterimined from the drive train areas for the helicopter
of interagt. -

I-3.4.3.3 Test duration. Test durations shall be derived from the field meaguremant.s
and actual f1ight charactéristics and durdtions.

1-3.4.4 Catégory TA - égsinbled external &toras; fét aircraft. Assembled ijet
aircraft st¥rés will &néounter thHrée distinet vibration

environmnt8:. captive ) o ;

flight, buff&t haAteuver, and free flight. = - ~

1-3.4.4.1 Captive f;';gl_\t. - Extensive measurefrent programs have ghown that the
vibration experiénced by ah &iternally'éarried stdre on a jet aircraft arises from
three distinct gourdés!: o ' ‘

a. Aérédynamic¢ boundary layer turbulence.
b. Buffet waneuver"s.
c. 'Air-craft-indrtjc'ed vibration.

In general, storé vibration is primarily caused by broadband aerodynamic boundary
layer turbulénce and is pélatively independént of the carrying aircraft and mountingd
location on thé ainrcraft. indtéad, vibratory excitation is mostly inf luenced by stora
shape, mounting tonfiguration dnd dynamic pressure. Thig gource of vibration is
distributed &lohg the entire surface of the store and is difficult to gimilate by
point input of vibration, such as from & vibration shaker, unless the store is
relatively stitf. Therefore, an acoustic teat {Méthod 515) ig recommended for this
environiment. ’ .
METHOD 514.4
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TABLE 514.4-1V. Suggested functional test peak levels for equipment
‘ ingtalled on helicopters. .
Peak Vibration Level

Equ ig‘ ment location Source Frequency (Fx) Ranges (Lx) at Fx--G's

General : 5-25 0.1 Fx
(1) 25-40 2.5
40-50 6.5-0.1 Fx
50-500 1.5
Ingtrumant Panel ' 5-25 0.07 Fx |
(1) 25-40 1.75 !
’ 40-50 4.55-0.07 Fx
50-500 1.05
External Stores 5-25 0.15 Fx
1) 25-40 3.75%
40-50 9.75-0.15 Fx
50-500 2'25.
On/Near Drive ' 5-50 0.1 Fx
Systems Elements - 50-2000 540.01 Fx
(2) - ’
NOTES :
(1) Fx = Source Frequency of Interest = Fl . Fo, Fgq, or Fgu
Fy = Fundamental Source Frequency
F2 = 2Fl ~
F3 ='3F1

Upon determining values of F;, Fq, F3, or F (figure 514.4-0) select the
appropriate source frequency range for eac when determining peak vibration levels.
The source frequency ranges are not presented in order of F=F,.

(2) Fy, Fg, Fg, Fg mist be determined from drive train areas for the particular
helicopter. NOTE (1) is then applicable.

METHOD 514.4
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~ TABLE 514.4-V. Fundamental source frequencies (Fl).
‘ ‘ ' TAIL ROTOR

! ROTARY WING | MAIN ROTOR E
{ AIRCRAFT ! F, (D) L/ E Fy (H2) 2/ !
. OH-SBA : 11.8 40
OH-58D 26.3 ' 40 '
' UH-60 : 17 ; 20 '
! CR-4TD : 11.3 ' 3/
! ' ! '
t CH-4TC : 12.3 ' 3/ !
E AH-1 10.8 ' 27.8 :
s i 0. ; 2r.0 |
. AH-64 x 19.3 23.4
: on-6 : 31.9 51.3 :
. ' y
CH-54 : 18.5 - 14.1 '
. S00MD 4] . a9
e :  LYNK : 21.7 : 32 '

-~

1/ These !requenc:lés are pregented as the number of rotor blades times the rotor
rotational mpeed. : .

2/ Rotor rotational sgpeed.

3/ CH 47 has two main rotors and no tail rotor.

METHOD 514.4
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